Actin is the most abundant protein in our cells, and also one of the most studied. Nevertheless, an important modifier of actin, the N-terminal acetyltransferase (NAT) for actin, remained unknown until now. The recent identification of the enzyme that catalyzes actin acetylation, has opened up for functional studies of unacetylated actin using knockout cells. This enzyme, called NAA80 (Nα-acetyltransferase 80) or NatH, belongs to the NAT family of enzymes, which together provides N-terminal acetylation for around 80 % of the human proteome. In many cases, N-terminal acetylation is essential. In the case of actin, the acetyl group that NAA80 attaches to actin plays an important role in actin's polymerization properties as well as in actin's function in cell migration.
Actin plays an essential role in muscle cell contraction, but is also important for diverse cellular functions like skeleton/structure-function, organelle trafficking, cell migration and transcriptional regulation [1, 2] . The ability to polymerize is a key feature for actin to provide these cellular services, which in addition depends on a dynamicity in the actin filaments that is achieved through actin's constant cycle of polymerization and depolymerization. This dynamicity is regulated by several actin-binding and signaling proteins [3] . Further, actin-modifiers may control actin's biochemical properties and cellular functions through posttranslational modifications, like N-terminal (Nt)-acetylation which is catalyzed by N-terminal acetyltransferases (NATs) and is increasingly recognized as a highly abundant and essential protein modification [4] . Although Ntacetylation is mainly a co-translational modification, it actually occurs posttranslationally during actin's unique Nt-maturation process [5] . To date, there is little knowledge on the biological function of actin Nt-acetylation, mainly due to the lacking identification of the actin-specific enzyme. Recent work, however, identified NAA80 as actin's NAT, and revealed the cellular functions it exerts through alterations of actin's biochemical properties [6] .
NAA80 acetylates actin's N-terminus
Through an N-terminal-specialized mass spectrometry analysis called COFRADIC, a previously predicted NAT of unknown substrate specificity (NAT6/FUS2), was identified not only as a true NAT, but as a NAT with specificity for actin [6] . This NAT was thus named NAA80/NatH according to the NAT nomenclature [7] and joins the previously described NAT family (NatA-G) of which most function cotranslationally towards an array of substrates, thus combined covering the majority of the proteome. NAA80/NatH differs in that Nt-acetylation of actin occurs posttranslationally since it constitutes the final step of a unique step-by-step mechanism for Nt-maturation. Posttranslational activity is also suggested for the other more recently identified NATs, NAA60/NatF and NAA70/NatG due to their subcellular localization [8, 9] . Contrary to the typical NAT, NAA80/NatH appears to be highly selective with actin as the only substrate in vivo in animals, as demonstrated by the lack of actin Nt-acetylation in NAA80 KO cells by COFRADIC analysis [6] . There are at least two factors underlying this narrow substrate specificity. The crystal structure of Drosophila melanogaster NAA80 (DmNAA80) bound to a bisubstrate inhibitor mimicking the N-terminus of β-actin in complex with acetyl coenzyme A revealed unique features of NAA80 [10] . Although DmNAA80 shares the typical GNAT-fold that is common for all described NATs [4] , the binding to its substrate, actin, is mainly accomplished by direct and water-mediated interaction of positively-charged residues with the negatively-charged acidic amino acids at position 3 and 4 of actin (Asp in β-actin and Glu in γ-actin) [10] . Usually, the identity of the substrate amino acids at position 1 and 2 are the major determinants for enzyme binding of the other known NATs [11] . Another factor limiting the cellular substrate pool of NAA80 is the presence of NatB which efficiently acetylate all Met-starting acidic N-termini in a co-translational manner (such as the premature N-terminus of actin), and yeast depleted for NatB are lacking Nt-acetylation at these substrates [12] . However, expression of human NAA80 in a yeast NatB deletion strain partially restored the Nt-acetylation of NatB substrates [10] . Thus, NatB Nt-acetylated a number of substrates that in animal cells otherwise might be targeted by NAA80. Furthermore, NAA80 could potentially act as a back-up system for substrates that fail to be cotranslationally Nt-acetylated by NatB. It will be interesting to compare the DmNAA80 structure with the human NAA80 enzyme, which features some additional domains flanking the catalytic GNAT-fold. These include poly-proline stretches at the C-terminus, which are typical profilin-binding sites [13] as well as a NAT-atypical extension of the N-terminus, and could therefore play additional roles in actin recognition and regulation.
NAA80 acts like a brake to keep cell migration in check
Actin is completely devoid of the Nt-acetyl group in NAA80 knockout cells and these cells are therefore well-suited for studies of cellular functions of actin Ntacetylation. Surprisingly, the cells lacking NAA80, migrates faster than the control cells as demonstrated by cell culture scratch wound assay and chemotaxis migration [6] . We here further present single-cell analyses demonstrating at least a doubled speed for the random cellular movement (Figure 1) . One can thus say that NAA80, by acetylating actin's N-terminus, acts as a natural brake in the cells in order to ensure normal migration speed. Under the microscope, the NAA80 knockout cells also revealed structural changes in the actin cytoskeleton that matched increased migration speed [6] . Actin Nt-acetylation by NAA80 affects polymerization dynamics Drazic et al. also presented biochemical data that at least in part could explain the increased migration of the NAA80 knockout cells [6] . Purified β/γ-actin from NAA80 KO cells subjected to a pyrene assay revealed that the polymerization rates were altered. This was further visualized here by phalloidin staining of polymerized actin (Figure 2 ).
Discussion
The identification of NAA80, an enzyme whose activity has been known for more than 30 years [5] , is a milestone in understanding the role which actin Nt-acetylation plays for the cytoskeleton and actin-related cellular processes ( Figure 3) . We have shown that this posttranslational modification has a significant impact on cytoskeleton dynamics by altered actin polymerization rates (Figure 2 ), as well as on a cellular level by negatively regulating cell motility (Figure 1 ). Further effects, which occur when NAA80 is missing, include a reduced globular-to-filamentous actin ratio in cells, increased lamellipodia and filopodia formation ( Figure 3 ) as well as altered polymerization rates in combination with actin-binding proteins such as formin 1 [6] . These studies bring an almost forgotten actin modification back into the spotlight [14] , and encourage follow-up studies to unravel how actin's Nt-acetylation status affect its many roles in a wide range of cellular processes.
Material and methods
Holographic microscopy and single-cell tracking HAP1 CTRL and NAA80 KO cells were seeded on glass-bottom dishes (ibidi, 35 mm) at 40.000 cells/well and monitored on an Holomonitor M4 imaging system (Phase Holographic Imaging PHI AB) with image acquisition every 15 minutes for 24 hours. Single-cell identification and tracking of movement was performed with Hstudio cytometric software.
Visualization of in vitro polymerized actin by phalloidin staining
A mixture of endogenous β/γ-actin was purified from HAP1 control (Ac-actin) and NAA80 knockout (nonAc-actin) cells by gelsolin affinity chromatography as described in Drazic et al [6] .. To observe filamentous actin (F-actin), 1.6 µM globular actin was polymerized by adding polymerization buffer (10 mM Tris/HCl (pH 8.0), 100 mM KCl, 1 mM MgCl 2 , 1 mM EGTA, 0.2 mM ATP) and incubated at room temperature. Figure 2 . In vitro polymerized actin isolated from CTRL and NAA80 KO cells. A mixture of endogenous β/γ-actin was purified from HAP1 control (Ac-actin) and NAA80 knockout (non-Ac-actin) cells and allowed to polymerize for 1 or 2 hours. F-actin was stained with phalloidin-488 and imaged. Scale bar, 10 μm.
After 1 and 2 hours, 5 µL of polymerized actin mixture was diluted with 15 µL polymerization buffer containing 1 µM phalloidin-488 (binds only to F-actin). 15 µL of the sample was then spread on poly-L-lysine coated coverslips and imaged on a Leica DMI6000 B wide field microscope equipped with a Leica DC500 camera and a HCX PL APO 100 × 1.4 NA oil objective.
